Summary : Perineural invasion (PNI) in rectal cancer was studied, prospectively.
One-hundred patients (20%) were identified as having tumors with PNI. The incidence of PNI was significantly increased in tumors with moderate or marked venous invasion (30%, 64%), with moderate or marked lymphatic permeation (37%, 72%), with liver metastasis (50%) and with peritoneal dissemination (64%). In cases of curative surgery, the incidence of PNI was significantly increased in MAC stageC2m+g or C3 (28%, 35%). There was no significant difference in the recurrence or survival rates between the patients with PNI and without PNI in MAC stage B2m+g.
However, there was a significant increase in local recurrence in the patients with both PNI and lymph node metastasis (p<0.05). Also, the patients with PNI in MAC stage C2m + g had a significantly lower 8-year survival rate (29.1%, p<0.001) . Multivariate analysis using Cox regression models demonstrated that PNI was an independent prognostic factor for survival.
Introduction
In the growth pattern of rectal cancer, hematogenous metastasis, lymphogenous metastasis, peritoneal dissemination, local invasion and perineural invasion (PNI) are important.
Recently inJapan, particular attention has been directed to PNI as a prognostic factor. PNI has been known since the middle of the 1800's (Ballantyne, 1963) and detailed studies have been made on PNI in pancreatic cancer, gall bladder cancer, prostate cancer, esophageal cancer and cancers of the head and neck (Ernst, 1905; Warren et al. 1936; Drapiewski, 1944; Fahim et al. 1962; Rodin et al. 1967; Takubo et al. 1985) . Seefeld and Bargen (1943) reported on PNI in rectal cancer and pointed out the relationshipbetween lymph node metastasis, venous invasion, and local recurrence. Spratt and Spjut (1977) studied the prevalence and prognosis of individual clinical and pathologic variables including PNIassociated with colorectal cancer. Recently, Bentzen et al. (1988) , Knudsen et al. (1983) , Krasna et al. (1988) and Wied et al. (1985) have reported on the relationship between PNI and the prognosis. In this paper, the significance of PNI in rectal cancer, particularly, its evaluation as a prognostic factor, was studied from a clinicopathological viewpoint. 
Method for Preparing Specimens
As previously reported (Shirouzu et al. 1991) , large surgical specimens have been used to study colorectal tumors since 1982. Each surgical specimen was initially fixed in 10% formalin.
After 1week fixation in formalin, the whole tumor was cut into longitudinal sections about 5 mm thick.
Thick large sections were prepared from the entire tumor so as to include the oral and anal sides of the tumor.
If a tumor was extremely large, then further divisions were performed. Each tumor was divided into 10 blocks on the average. These sections were dehydrated with alcohol for 1 weekand then embedded in paraffin. Next, thin sections of about 5u thickness were cut from the largesections with a microtome. These were mounted on large glass slides, and stained with hematoxylin-eosin and elastica van Gieson. One author (Shirouzu) prepared the specimens.
Histopathological Diagnosis
One of the authors (Shirouzu) examined all the colorectal cancer specimens from 1982 to the present.
The histological findings were detailed for each case and a pathological diagnosis was made in accordance with the Japanese rule's guidelines (Jinnai, 1983) . The histological findings and clinical data were entered into a computer.
A positive judgement was made when cancer cells were observed inside the per- (Fig. 1) . Also, only extramural PNI was examined because Auerbach's plexus invasion alonewas extremely rare.
The degree of venous invasion was divided into four stages (V0-V3) (Shirouzu et al. 1991) . No venous invasion was defined as Vo, slight venous invasion as Vi, moderate venous invasion as V2 and marked venous invasion as V3.
The degree of lymphatic permeation was also divided into four categories (ly0-ly3) (Shirouzu et al. 1991) . No lymphatic permeation was defined as lyo, slight lymphatic permeation as lyi, moderate lymphatic permeation as lye and marked lymphatic permeation as ly3.
Tumor Location, Surgical Procedure and Clinical Stage
Rectal cancer was diagnosed in 501 patients, and included cancer of the rectosigmoid colon (Rs) in 118 patients, cancer of the upper rectum (Ra) above the peritoneal reflection in 133 patients,and cancer of the lower rectum (Rb) below the peritoneal reflection in 228 patients. Cancer of theproctos or anal canal (P) was found in 22 patients. 
Statistical Analysis
The x2 test was used to determine the statistical significance of differences, and the Kaplan -Meier method (Kaplan and Meier, 1958) was used to calculate survival rates. Significance differences in the survival rates were assessed using the logrank test (Peto et al. 1977) . Multivariate analysis using Cox regression models (Cox, 1972 ) was used to determine whether PNIwas an independent prognostic factor.
Results

Tumor Location and PNI
As shown in Table 1 , PNI was observed at a rate of 20% (100 of 501) in patients with rectal cancer. No significant correlation was seen between tumor location and PNI.
Histological Gradeand PNI
As shown in Table 2 , PNI was observed at significantly higher rates in patients with moderately or poorly differentiated adenocarcinomas (p<0.01).
3. Lymphatic Permeation and PNI
As shown in Table 3 , PNI was observed at lower rates in the lyo and lyl groups. However, in the ly2 and ly3
groups, PNI was observed at the signif- TABLE  1 The incidence of perineural invasion (PNI) by location N.S.
( ): % 
Venous Invasion and PNI
As shown in Table 4 , PNI was observed at lower rates in the Vo and Vi groups.
In patients from the V2 and V3 groups, PNI was observed at the significantly higher rates of 30% and 64%, respectively (p<0.01) .
Liver Metastasis and PNI
As shown in Table 5 , in patients without liver metastasis (LM(-)), PNI was observed at a low rateof 16% (70 of 449) ; but in patients with liver metastasis (LM (+)), it was observed at a higher rate of 58% (30 of 52). A significant correlation was seen among the groups (p<0. 01).
Peritoneal
Dissemination and PNI Table  6 shows that in patients without TABLE 4 The incidence of perineural invasion (PNI) by degree of venous invasion (vO-3) p<0.01 ( ): % peritoneal dissemination (PD (-)), PNI was observed at a low rate of 19% (91 of 487). In patients with peritoneal dissemination (PD (+)) , PNI was observed at a higher rate of 64% (9 of 14). A significant correlation was noted among the groups (p<0.01) .
Modified
Astler Coller (MAC) Stage and PNI 410 patients who underwent curative resection were studied. As shown in Table 7, with stages A, B1, B2m and B3, PNI was not observed.
In stage B2m+g it was only observed in 10 (13%) of 78 patients, so that no significant correlation was noted among the groups.
As shown in Table 8 , PNI was observed at extremely low rates in stages C1 and C2m. However, in stages C2m+g and C3, PNI was observed at the high rates of 28% The first site of recurrences was recorded as the region of recurrence.
As shown in Table 9 , recurrences occurred i n 30% (3 of 10) of the patients with PNI in stage B2m+g.
However, no significant correlation was noted between patients with PNI and without PNI. As shown in Table 10 ,if patients in stages C2m, C2m+g, and C3 were grouped in the same category, recurrences occurred at a significantly higher rate of 57% (20 of 35) of patients with PNI (p<0.05) . Also, a significant correlation was noted with regard to local recurrences between patients with PNI and without PNI (p<0.05).
Survival Rate and PNI
The survival rate was determined for patients who underwent curative surgery. PNI and the survival rates were studied in patients with stage B2m + g and in patients with stage C2m+g. Sincethe number of patients with the other stages was too small and statistical analysis would beinappropriate, they were excluded from this study.
As shown in Fig. 2 , in stage B2m+g, the 8-yearsurvival rates in patients without PNI and in patients with PNI were 88.6 % and 80%, respectively.
No significant differences were observed between the two groups. However, as shown in Fig. 3 Many reports on PNI in cancers other than colorectal cancer have been published (Ernst, 1905; Warren et al. 1936; Drapiewski, 1944; Fahim et al. 1962; Rodin et al. 1967; Takubo et al. 1985) but with colorectal cancer, no detailed studies have appeared in Japan, and only a few reports (Seefeld and Bargen, 1943; Spratt and Spjut, 1977) have been published outside Japan.
With regard to the frequency of PNI in rectal cancer, Seefeld and Bargen (1943) reported a frequency of 30% and Knudsen (Knudsen et al. 1983 ) reported 34.9 %, but in the present studies the rate was only 20%. There was no significant correlation between PNI and tumor location (Table 1) .This result was similar to the report from Seefeld and Bargen (1943) .
PNI was observed at a high frequency in patients with moderately and poorly differentiated adenocarcinomas (Table 2) .
Also, it was observed at high rates in patients with a moderate degree of venous invasion or lymphatic permeation (Table 3 and 4) .
PNI was not observed in MAC stages A, B1, B2m, B3 and C1, and it was only observed at the low rates of 13% in stage B2m+g and 8% in stage C2m. However, in patients with stage C2m+g and stage C3, PNI was seen at the high rates of 28% and 35%, respectively.
Therefore, it appears that there is a close relationship between PNI and lymph node metastasis, as well as depth of invasion (Table 7) . In Europe and the U. S. A" Seefeld and Bargen (1943) , Knudsen et al (1983) and Wied et al (1985) studied the relationship between PNI and lymph node metastasis, venous invasion, and thedegree of histologic malignancy (Broders, 1925) and reported similar results. Thus PNI is proportional to the advancement of the cancer and its frequency increases with the degree of histologic malignancy, such as histologic type, and vessel invasion.
For the relationship between PNI, recurrence and prognosis, Seefeld and Bargen (1943) , Spratt and Spjut (1977) , Knudsen et al (1983) , Wied et al (1985) , Krasna et al (1988) and Bentzen et al. (1988) described that when PNI is present, the recurrence rate is high and the prognosis is poor.
In particular, Seef eld and Bargen (Seefeld and Bargen, 1943) reported that local recurrences occurred at a rate of 81.2% in patients with PNI. In the present group of patients who underwent curative surgery, as shown in Table 9 , no significant differences were noted between patients with PNI and without PNI in stage B2m+g.
However, as shown in Table 10 , if patients in stages C2m, C2m+g, and C3 were grouped together, there was a significant difference in the rate of local recurrences between patients with PNI and without PNI (p<0. 05).
There were no patientss with PNI in the MAC stages, A, B1, B2m, B3 and C1 (Table 7 and 8) ; thus they were excluded from this study.
Additionally, since there were only a small number of patients in stages C2m or C3, they were excluded from this study.
Using the Kaplan-Meier method (Kaplan and Meier, 1958 ) no significant differences were recognizedin the survival rates in stage B2m+g, between patients with and without PNI; but in stage C2m + g, a significantly higher survival rate was observed in patients without PNI (p<0. 001, logrank test). Multivariate analysis using the Cox regression models (Cox, 1972) clearly showed that PNI was the most influential factor affecting survival rate.
These prospective studies showed that PNI is an important prognostic factor in patients with MAC stage C2m+g. PNI should be classified as a clinical subgroup.
This information may be useful in the design of adjuvant chemotherapy trials.
Whether the perineural space is a lymphatic vessel is a matter of great interest. There is no agreement on the actual nature of the perineural space. Thomas (1963) and Shanthaveerappa et al. (1962) described the perineurium as a kind of lymphatic vessel and the innermost layer of the perineurium is composed of endothelium.
Larson et al. (1966) negated a link with the lymphatic system by experimental and clinical studies. PNI is often observed to skip to areas distant from the primary tumor ( Fig. 1) , thus the perineural space can be considered as a vessel similar to a lymphatic duct. References BALLANTYNE, A.J. and MCCARTEN, A.B. (1993) . The extension of cancer of the head and neck through peripheral nerves. Am. J. Surg.
